Journal of Siberian Federal University. Engineering & Technologies, 2019, 12(3), 346-355

YIK 621.311.16

The Number of Power Line Spans Accounting
in Determining the Induced Voltage

Igor V. Belitsyn*
Polzunov Altai State Technical University
46 Lenin, Barnaul, 656038, Russia

Received 29.11.2017, received in revised form 10.12.2018, accepted 27.02.2019

The article considers inductive interference components. A description of the induced voltage
electromagnetic component is described in detail. The technique of the calculated wire suspension
height determining based on the actual magnetic field distribution is presented. The technique
for the number of power line spans determining is provided. Dependences of the magnetic
field induction vector on the distance along one power line’s span are obtained. Relationships
of the magnetic field induction determining error depending on the number of adjacent spans
are obtained. Recommendations for the number of spans determining, which must be taken into
account when evaluating the magnetic component of the power line electromagnetic field are
given.
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Yuer uncaa IMpoJI€TOB BO3IlyI[lHOI7[ JJMHHUHU JJICKTPpOonepeaadIu

IpHA onpeacJICHUN HABCACHHOI'0 HAIIPSIKCHU S

HN.B. Beanunin

Anmatickuii 20Cy0apcmeeHHblll MeXHUYeCKUll
yHusepcumem um. U.H1. [lonzynosa

Poccus, 656038, bapnayn, np. Jlenuna, 46

B cmamve paccmompenvi cocmasaarowue uHOYKmueHvix nomex. Iloopobno npedcmasieno onucanue
INEKMPOMASHUMHOU COCMABNAIOWell HasedeHH020 HanpsceHus. [Ipusedena memoouka onpeoeneHus
pacyemHoll 8b1convl No0seca NPo8oodd, OCHOBAHHASA HA PAKMUUECKOM pacnpedeseHu MAZHUMHO20
noaa. Ilpuseedena memoouxa onpedenieHuss YUCid NPoNemos 8030YWHOU TUHUU IeKmponepeoayu.
Tonyyenvl 3a8ucumocmu 6eKmopa UHOVKYUU MASHUIMHOZO NOASL OM PACCMOAHUSA 8007b O0OHO20
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npojiema. HOJZyIIEHbl 3ABUCUMOCINU  OMHOCUMETILHOLL noecpeutHocmu onpedeﬂemm quykL;uu
MACHUMHO20 NOJIsL OM KOoJaudecmea CMEOINCHbIX npoJiemoe. ﬂaHbl pekomeHdauuu no onpedwenuio
uucjia npojiemose, Komopoe HeobX00UMO ydyumeleamsvb npu pacdyeme MAHUMHOU cocmaefmfowed
INIEKMPOMACHUNIHOCO NOJIA, €030a6aemo20 TuHuell 3Jlei<mp0nepe0alm.

Kurouesvie crosa: nunus snexmponepedauu, HageOeHHOe HANPAdCeHUe, MASHUMHOe Nnoje, cmpeid
npoeeca npogooa.

BBenenne

Boznymnas nuaus snexrponepenaun (JISII) sBnsercs HCTOYHMKOM KOHIYKTHBHBIX M HHIYK-
THUBHBIX ITOMeX. PacueT MHAYKTHBHBIX IIOMEX HEOOXOIMM I 0OecneyeHnst HaIe)KHOT0 )y HKIIHOHH-
pPOBaHUS YCTPOWCTB pEJICHHOM 3alllUThl 1 aBTOMaTUKH, Ilepeaayn HH(opMaliy 0 KaHajlaM CBSI3H,
obecrieueHus1 0€30IIaCHOCTH TIPH NPOBEACHUH paboT Ha 00OPYIOBAHUY U SINEKTPHUECKUX CETAX, Ha-
XOJISIIIMXCS B 30HE BIMSHUS BO3AYLIHON JINHUM IEKTPOIIEPEIadH.

Ha otkmiouennyro Bo3ayuayo JIOIT oT ¢pyHKIMOHNPYIOIIMX B HENOCPEACTBEHHOH Oin3ocTH
OT HEE COCEIHMX JUHUN HABOIUTCS HAIPSKEHHE, KOTOPOE CKJIAIBIBACTCS C HANpPsDKEHUEM caMoi
auHUH. Takoe Hanps>KeHWE Ha3bIBACTCSI HABEICHHBIM.

B cBs3u ¢ 3TUM mpaBmiia IO OXpaHe TpyAa MpH dKCIUTyaTanuu 3ekTpoyctaHoBok (IIOTIY)
MIPEIIUCHIBAIOT KOMIIJIEKC 3alIUTHBIX MEPOIIPHUATHIH, KOTOpbIE HEOOXOAUMBI JIsl obecredeHus 6e3o-
NACHOCTH MPH NpoBelieHUH paboT Ha Bo3ayHbIX JISII. OTaensHO oTMEYaroTCs Mephl 0€30MacHOCTH
B CIIy4asx, KOT/a 3a3eMJICHHE IIPOBOJHUKOB HE MO3BOJISIET CHU3UThH 3HaU€HHE HABEJCHHOTO IOTEH-
[[Maja Ha OTKJIIOUEHHOHN JINHUM HuXxe 25 B.

[IpakTuka skcrmyaranuu Bo3nymrHBX JIDII mokaspIiBaeT, 4TO KaX bl roJ 00CTYKHBAIOIIHA
MEPCOHAJ MOTydaeT 3IEKTPOTPABMBI BCIEACTBHE HABEIEHHOI'O HANPSKEHUS, IIPUBOJSINETO K IPO-
TEKaHUIO Yepe3 TEJIO YeJIOBEKA AIEKTPHUECKOro Toka. [losBiaeHne HaBeZJeHHOT 0 HAIPSKEHU S CBA3aHO
C DJIEKTPOCTATUYECKUM U MHIYKIMOHHBIM BO3JIEMCTBHEM OT BO3IYIIHON JIMHUH, KOTOPas IPOXOIUT
B HETIOCPEJICTBEHHON O1M30CTH, Ha OTKIoueHHY0 JIOII.

DIeKTpOMarHUTHOE TI0JIE BIMSIOMIEH TMHUU CBSI3aHO C €€ HaIPsKEHHEM, TOKOM, TOIOJIOTHYe-
CKUMU 0coOeHHOCTAMH. Kpome 3Toro, 001b1110€ 3HAYEHNE UTPAET JUIMHA y4acTKa CONMKEHUSI BITUSIO-
1iel U OTKJIIOYeHHOU JTMHUN. Ha Ka)k1o0M IPOBOAHMKE OTKIIIOYEHHON JIMHUY HaBOAUTCS IOTEHIUAII,
KOTOPBIH OIpeesnsieTcss CyMMOH BYX COCTaBIISIOIINX: JIEKTPOCTATHYECKOTO M JIEKTPOMArHUTHOTO
B3anmMonencTauii [1].

DJeKTpoCcTaTHYECKasi COCTABJIAIONIAs HABEAEHHOTO HAIIPSIKEHHSI CBA3aHA C B3aHMMOJCHCTBUEM
3JIEKTPUUYECKON COCTABISIOMIEH AIEKTPOMATHUTHOTO OIS BIUSAIONIEH IMHUY HA paccMaTpUBaeMBbIN
MIPOBOJHHUK OTKJIIOYEHHOW. 3HaYCHHE 3TOH COCTaBISIOUIECH, Ja)ke MpH COONIOJCHNU TpeOOBaHUI
MpaBUII YCTPOKCTBA AeKTpoycTaHoBOK (I1Y D), mpu napasienbHOM MPOX0XKACHUH JTUHUHN 3aBUCUT, B
MIEPBYI0 OUEPENb, OT HAPSDKCHUS Ha BIUSIONIECH IMHUH U KO3QPHUIINEHTa eMKOCTHOI cBsizu. TouHoe
orpeneneHre K03HUIHMEHTa EMKOCTHOM CBSI3M BO3MOXKHO TOJIBKO B CIIydae ONpPEIeNIeHUs 3JIeKTPH-
YECKOTO I10JIs1 BIUSIONIEH JIMHNAN C y9ETOM BCEX €€ TOMOIOTNYeCKUX 0COOEHHOCTEH, B YAaCTHOCTH CTe-
JIBI IpOBECa MPOBOAHMUKOB. DJIEKTPOCTATUYECKasl COCTABIAIONIAS HABEACHHOTO HANIPSDKEHUS MOXKET
OBITH CHIMIKEHA J10 0€3011aCHOT0 3HAUSHH S Ha BCEH JINHUU ITyTeM ee 3a3eMJIeHus B 1ro0oM mecte. [Ipn
3a3eMJICHHH OTKJIFOYEHHOH JIMHUH 110 000UM KOHLIAM JeHCTBHE JIEKTPOCTATHUECKON COCTaBIISIOIIEH

6y,Z[CT MOJHOCTBIO HUBCIINPOBAHO.
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DJeKTpOMarHUTHas COCTABIISIOMIAsl HABEACHHOIO HANpPSDKEHUS CBsS3aHA C B3aMMOJCHCTBHUEM
MarHMTHOH COCTaBIISIOMIEH 3JIEKTPOMATrHUTHOTO TIOJISI BIMSIONIEH IMHIY HAa paccMaTpUBaeMBbli IIPoO-
BOJIHMK OTKJIFOYEHHOU. B 3TOM citydae peniaroiiee 3HaueHUe UMeeT KOd(PUIMEHT HHIy KTHBHOM CBSI-

31 U TOK, HpOTeKaIOH.II/Iﬁ 110 MPOBOAHHUKAM BJ'II/IFIIOH.IGﬁ JINHHUH.

AHaJu3 Moaeaun pacueTa HaBEACHHOI 0 HANIPAKCHU I

Ha ocHOoBe MeTOZOB, H3TIOKEHHBIX B [2], BO3MOYKHO YTOUHHUTH THIIOBYIO0 METOJUKY pacueTa Ha-
BEJCHHOI'O HAIIPSKEHHUSL.

VcxogHBIMU JaHHBIMH JJIS PAacueTOB SBJISAIOTCSA PACCTOSHHSA MeXAy ocsimu Tpacc BJI Ha
ydacTKax cOnmkenus, JunHa BJI, 3Hau€HUS CONPOTHUBIIEHUH KOHTYPOB 3a3€MJICHHUS OIIOp U IMOJ-
CTaHIIMH{, HAXOAALIMXCS MO KOHIIAM JIMHUK W Ha TPaHULaX yYacCTKOB, a TaKXKe 3HAYCHUS TOKOB,
KOTOpBIE MOTYT IpoTekaTh Bo Biaustomux JIOII. [Ins cereil mpou3BOIBHON TOMOJOTHH pacyeT
3HAYEHUH HABEJICHHOTO HAMPSHKEHUs Ha OoTKIroueHHOH JIDIT mpou3BoauTcss HA OCHOBE YIIPOUIEH-
HOW cXeMBbl 3aMeIeHNs, MToIydYeHHOH Ha ocHOBe [1-00pa3Hoil cxemsbl 3amemienus. B aTom cinydae
BO3JIYIIHAs JUHUS 3JEKTPOINEpeaadn pa3eieHa Ha JIBa yYacTKa C Pa3IMYHBIMHU YACJIbHBIMHU Ha-
BenenHbiMu DJ[C.

C mpakTHYeCKON TOUKH 3pEHHs 11eJeCO00pa3HO yUUTHIBATH TOJIBKO MarHUTHOE BIIHMSIHHE, I10-
CKOJIbKY, KaK I0Ka3aHo B [1], anekrpocraTideckoe BiusiHIE Oosiee yeM B 50 pa3 MeHee HHTEHCUBHO,
4YeM MarHUTHOE NpH BbinoiHeHnu TpedoBanuii [IOTDY no yctaHOBKe 3a3eMIIeHHS Ha OTKIIIOYEHHOH
BJI. MarautHOe BIUsSHIE B OONBIICH CTEIICHU OMPEAEISICTCS MPOJOIBHON COCTABISAIONICH BEKTOpa
HAIPSDKEHHOCTH 3JIEKTPUUECKOTO TOJIS OT BIMUSAIONINX JUHUHN E,, KoTOopas 63 ydeTa TOKOB CMEIICHHS
omnpenensercs nuddepeHnnaIbHbIM ypaBHEHHEM

d’E, d’E

L4 ——*—kJE, =0, 1
Ay dt M

rae k3 = ﬂja)/lOUS — BOJIHOBOC YHCJIO 3€MIJIN; 05 — yACJIbHAA IPOBOAUMOCTD I'PYHTA 3€MJIU; W — LU~
KJIMYCCKasa 4aCcToTa; Uy — MarHuTHas MOCTOAHHAA.
Pemenne YPpaBHCHUS IPU IPUHATUN JOIMYIICHUS O TOPU3OHTAJIBHOM PACIIOJIOKEHU W ITPOBOAHU-

KOB BiIMAIOLIEH U oTKJIt0oueHHON BJI MOo>XHO mpencTaBUTh B BUAE

e—v(h+z)

N0 h+z)Y2+y* %
E, =—j @ 1n 2 Lora[ S — |, )
4r (h—2)"+y V4V +k,
rie / — 3HaueHusl TOKa, MPOTEKAOIIETro 10 MPOBOIHUKY Biustoeit JIDII; 4 — BeicoTa nonBeca Biusiio-
wero nposogHuka JIOII Hayg 3emiel; z, y — KOOpAUHATBI OTKIIIOUEHHOro posoaa BJL.

Bxonsmuii B (2) nHTETpan BeIpakaroT uepe3 uaterpai Kapcona [3].

o e—v(h+z)

1=/ [———
o }[v+,/v2+k32

3Has E,, 0JHO3HAYHO onpenensseM 3KBuBajleHTHY0 DJ[C, HABOAUMYIO B TPOBOJHUKE OTKJIFOUCH-

cos yvdv. |. ?3)

Hoil BJI npu npoxoxaeHnu ee napajjenbHo Biaustonieit BJI:
E=El @)
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rae / — qauHa yyacTKa BJIMSIONIEr0 MPOBOAHUKA, TaK )K€ M B Cilydae cxoisimuxcs Biusomend BJI u

oTkaroueHHOM BJI:

Yy
E =ctga _[Exdy, )
Ya
IZe 0. — Yol MeXxAay Biusitone u orkinodeHHoi BJIL; y,, y, — MUHUManbHOE U MaKCUMAaJbHOE pac-
CTOSIHUSI MKy BIUsIOUIel 1 oTKiIroueHHON BJI Ha cxonsiiemcst yuacTke.
B [3] nokasaHo, 4TO C MOI'PENIHOCTHIO, He MpeBblmatomei 5 %, narerpan Kapcona (3) moxer

OBITH MpEaACTaBJICH B BUJIC

(h+z+k£)2+y2

J 3
L=dm— 5 6
T4 (hto) ey ©)

[Tocne moacranoBku (2, 6) B (4) monyuuMm cooTHomeHue 11 onpenenenus J/IC, coznaBaemoe
MarHUTHBEIM osieM (MIT):
2
htz+—)+y°
ouy| (hazyeyt KoY
E =—j In ——+In —
4 (h—-2z)"+y (h+z2)"+y

Il =—-M.I. 7

Bbonee Tounoe onpenenenue I/IC, cozmaBaemMoil MATHUTHBIM BIMSTHHEM, BO3MOXKHO MPOU3BECTH,
3Hasl paclipeielIeHre BEKTOPHOT'O MAaTHUTHOTO TIOTEHIINATA A OT BIHUAIONICH TNHUA. 3Hasl BEKTOPHBIN
MaTrHUTHBIN MOTEHIIUAJI, MOXHO OIPEACIINTD MAarHUTHBIN IIOTOK, HpOHI/ISBIBaIOH_[I/Iﬁ HEKOTOPYIO IJ10-
mae. Jlanee MOXKHO pacCYUTaTh COOCTBEHHYIO U B3aUMHYIO UHyKTUBHOCTb.

Jlns1 ©oJiee TOYHOTO pacyeTa MarHUTHOTO IMOJISI HEOOXOAMMO YUUTHIBATH, YTO MPOBOI, KECTKO
3aKpEeIJICHHBIN B ABYX TOYKAX HA PA3HOW BBICOTE U HCIBITHIBAIOIINN PABHOMEPHO PACIIPEICICHHY O
HArpy3Ky Kak COOCTBEHHOrO Beca, Beca rojiojiela, Tak W JaBJICHUS BETpa MMEET CTPENy IpoBeca.
XKecTkocTh MONEPEYHOr0 CEYCHHUs MPOBOJOB, HCIOJIB3YEMbBIX IS TPAHCIOPTA IIEKTPOIHEPTHUH,
MEHbIIIE PABHOMEPHO paclpeieeHHON Harpy3Kku. MexaHH4YeCcKOoe HaMPsIKEHHUE B MPOU3BOJIBHON TOY-
Ke 00YCIIOBJICHO TOJIBKO PACTSIKEHHEM U HAMPABIICHO 110 KACATEILHON K KPUBO B paccMaTpUBaeMOi
TOUYKE.

ITpu pacuere mapaMeTpOB MATHUTHOIO TOJIs, CO3/1aBAEMOT0 BIHSIOIIEH JIMHUEH dIeKTponepe-
Jlau, B KAYECTBE MaTEeMaTHYECCKON MOJICIIM PEaIbHOrO MPOBOAHKKA OY/IeM UCIIOIb30BaTh YPaBHCHHE

HeaJIbHO THOKON HUTH

X
y:ymaXCh P (8)

max
TII€ Vyax — KOOPIIMHATA TOYKH MAaKCHMAJIFHOTO ITPOBECA, M.
VYpasueHnue (8) MOXKHO Pa3I0KUTh B pyHKIMOHAIBHBIH psiZi MakiiopeHa, KOTOPBIi JIJ1sl TPOJIETOB

nnuHoil menee 700 M mpuMeT BUJ
¥ =kx?, €]

rac k— IIOCTOsSTHHAs, 3aBUCAIIAA OT HpHBe}IeHHOﬁ HarpyskKku Ha MpOBOJHUK U MEXaHHUYCCKHUX XapakK-

TEPUCTHUK ITPOBOAHUKA.
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Onpexnenum napameTpsl MII ¢ yueToM mpoBucaHus NPOBOJHUKOB JIMHUHU 3JIEKTpoIepeaa-
yy. {1t 3TOro moJIy4uM BBIPaK€HHE BEKTOpPAa MATHUTHOM MHAYKIHMU MarHUTHOTO IOJS, CO3-
JlaBaeMOro €JMHCTBEHHBIM IPOBOJOM OJHOrO IpojeTa. BelndynHa TOKAa, NPOTEKAIOUIETO IIO
MPOBOJHUKY, U3BECTHA. BEeKTOp MarHUTHOW MHAYKLUHU CBSI3aH C BEKTOPHBIM MAarHUTHBIM I0-

TCHI[MAJTIOM
B =rot4. (10)

OrmnpenenumM BeIpaXKCHUE JJI BEKTOPHOTO MAarHUTHOTO MOTeHIHana. s onpeneneHus 3To-
ro MoTeHIKajaa pa3o0beM MPOBOJHUK HA Majble TOKOBbIC yuacTKu /dl, KacaTelbHbIC K IPOBOIY

B TOUKeE (X,),z) (puc. 1). DTOT TOKOBBIM OTPE30K CO3MAET DIEMEHTAPHBIA BEKTOPHBINA MOTEHIIMAI
dA :

dZ+ _ M, ﬂ’
dr r

11

e uy =4m107 T'a/M — MarHUTHAs OCTOSHHAS; 4 — OTHOCUTENIbHASI MATHUTHAS IIPOHUI[AEMOCTH BO3-
IyXa, B JaJIbHEHIINX pacueTax [IpHMeM e¢ PaBHOW eANHHUIIC.

IToCKOJIBKY IIPOBOJHMK HAXOIMTCS Hall HOBEPXHOCTHIO MIEAILHON 3€MIIU, TO €€ BIUSIHUE 3aMe-
HUM 3epKaJIbHBIM H300paxennem [ 'dl’, KOTOPHIil CO3/aeT B PaCUETHOM TOUKE BEKTOPHbI IIOTEHIHA
dA’'. Tok I' MeHblIITe [0 MOXYITIO TOKA / HA BEIMUMHY

k= Hien ~ Mooz
Moo T Haoao
TH€ lgo:0 — OTHOCHTENIBHAS MATHUTHASL IPOHUIIAEMOCTD BO3AYXa, JJIS IPAKTHYECKUX PAacyeTOB OHA

; 12)

MaJIO OTIINYACTCA OT €CAUHUIBI; U ., — OTHOCUTECIbHAA MarHUTHasI IPOHUIAEMOCTb I'PYHTA 3€MJIU.
HpI/I pacrnpoCTpaHCHUHU SJICKTPOMATHUTHBIX BOJIH HpOMBILHJ'IGHHOﬁ YaCTOTbI TOKU IPOBOAHUMO-

CTH npeo6na£[a10T Haa TOKaMU CMCUICHU A, ITIO3TOMY MPOUCXOAUT JIMIIb HE3BHAYUTEIBHOC €€ ITPOHUK-

HOBCHUC B I‘J'Iy6b 3C€MJIN. CJ'IGJ:[OBaTCJ'ILHO, TPYHT JJIs 3JICKTPOMArHUTHBIX BOJIH HHU3KOH 9aCTOTHI MOXK-

HO paccMaTpHBaTh Kak MPOBOAHMK. Takum o6pasoM, k — 1, sHauut, I'=Tu d4_ = Mﬂ

4z '
Pe3ynbpTHPYONIHii BEKTOPHBIH IIOTEHIUAI B TOYKE M OT 3JIEMEHTAPHOTO Y4acTKa C TOKOM U €ro
M300paKeH s ONPENETUM 10 IpHHIUNY cyneprnosuunn dA = dA, +dA_ =idA, + jdA, +kdA, .

HpOGKL[I/II/I BEKTOPHOI'O MAIrHUTHOT'O MOTEHI MAJIA

5

Puc. 1. K onpeneneHno MarHuTHOM HHAYKLIHUH OT OJTHOT'O IIPOJIETa

Fig. 1. To the magnetic field determination from the one span
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(1 ; 1j ; ddy =22 [dlsin Bcos a(l - 1) ;
P 4 ror (13)

dAy = MIdlcosﬁ
4r

. . 1
da, = Lol ¥ sin Bsin a( + ,j ,
4 ror
TZie 7 — pPacCTOsIHUE OT TOKOBOTO 3JeMeHTa 10 Touku M(X, Y, Z)
(14)

re(X—xf + (Y —yf +(Z-2);

r' — paccTOsTHHE OT U300paKCHHS TOKOBOTO 3JIeMeHTa 10 Touku M(X, Y, Z)

(15)

P =X =X + (V) +(Z -2

HpOCKHI/II/I BEKTOPHOI'O MArHUTHOTO MOTCHI[HMAJIA OIPEACIIUM HHTETPUPOBAHUEM I10 Bcet JJINHC

MPOBOJHUKA:
L
2
4. = FHo g 1 n
b4 J;[\/((X - x)2 + (Y - (kx2 +h, )cosoz)2 + (Z - (H,m{, —k* —h, )sin a)z)
Ha 0X 2 ,
+ ! dx
F 4 (Z —(Hnm, —kx? —h(,)sina)z)

\/((X—x)2 +(Y+(/OC2 +h, )cosa)

. (16)

A, = Mo Ikcosag X
2 J{\/((X—x)z -|~(Y—(kx2 +h, )cosoz)2 +(Z —(Hm —k* —h, )sina)z)

4 L
Ha 0Y 2
X
— dx
\/((X - x)2 + (Y + (kx2 +h, )cos a)z + (Z (Hm — kx> —h, )sin a)z )J
L
2
A4, = alal Iksinaj' al +
27 A \/((X -x) + (Y - (kx2 +h, )cos a>2 + (Z - (H,W, —kx* —h, )sin a)z)
Ha 0Z 2
+ al dx =
\/((X -x)+ (Y + (A:x2 +h, )cosoz)2 + (Z - (HM —k* —h, )sin a)z)
i j k
. — |0 0 o
B nexapToBoif cucTeMe KOOPIHHAT POTOP HMEET BHJ IOtA =|— — —|.
Ox Oy Oz
A A, 4
CrieoBaTeIbHO, IPOSKIIMU BEKTOpa MAarHUTHON MHIYKIINH

04, 04, O0A, 0A, 04, 04,
By=—i- i By= - i B = Lo

oY oz 0Z oX oX oY

Monyns MarHITHOH HHIYKIMU B IIPOM3BOIBHOM TOUKE
a7

B(M)=+B; +B; +B,.
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Ha puc. 2 n3o0paxeHbl 3aBUCHMOCTH BEKTOpa HHIYKIIHK MAarHUTHOTO mojst B(X,const, const)
OT PACCTOSIHUS BIOJb SAWHUYHOIO MposieTa X, Ha MOCTOSHHOW BbicoTe Y =1,8 M, AJs pa3iuyHBIX
PACCTOSIHUH 10 IJIOCKOCTH IIpoBeca MPoBoAa Z, IpHU JOMYIIEHUH, YTO CTpelia poBeca IPOBOJHIKA
BepTHKaJbHA (e KoopauHata z = 0).

PucyHok 3 JeMOHCTpPUpPYET 3aBHCMMOCTH BEKTOpa HWHAYKIUHW MAarHUTHOTO  IOJs

B(const,const,Z) OT paccTOSIHUS 10 MIOCKOCTH NMPOBOAA Z IMpPH BBHICOTE pacuyeTHOW TOYKH 1,8 M

B. MKTn

X, m

X ; , , , ; \
-150 -l -o0 -60 -30 ] 30 60 T 120 150

DZ=0m;2)Z=10m;3)Z=20m;4) Z=30Mm;5)Z=40m;6) Z=50™

Puc. 2. 3aBUCUMOCTB BEKTOpa MAarHUTHOM MHIYKIIMHU BJIOJIb €IMHUYHOI'0 IIPOJIETa OT PACCTOSIHUSA /10 IJIOCKOCTH
npoBoja Ha BeicoTe 1,8 M

Fig. 2. The dependence of the magnetic induction vector along the single span on the distance to the wire plane
at a height of 1.8 m

B, MKTn

i+

A

Z,m

| , , , !
-50 40 =30 -0 -10 ] 10 20 30 40 50

DX=0M;2)X=30Mm;3) X=60m;4) X=90M; 5) X=120 M; 6) X =150 m

Puc. 3. 3aBUCUMOCTb BEeKTOpa MarHUTHON MHIYKLHMH OT PACCTOSIHUS JIO IUIOCKOCTH MPOBOAA, OT PACCTOSHUS
BJI0JIb €AMHUYHOIO IIpoJieTa Ha BbicoTe 1,8 M

Fig. 3. The dependence of the of magnetic induction vector on the distance to the plane of the wire and on the
distance along a single span at a height of 1.8 m
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JUIsl pa3JIM4YHBIX PACCTOSHUM BJOJIb €IMHUYHOIO IPOJeTa X NpU NONYLIEHNUH, UTO CTPeEJIa IpoBeca
BEPTHUKAJIbHA.

Yucino nposieToB He0OOXOAMMO YUUTHIBATH IPH PaciyeTe BEKTOpa MAarHUTHON MHIYKIIUH MarHuT-
HOT'O IOJIA.

Ha puc. 4 moka3aHO HECKOJIBKO KPHUBBIX pacHpeesIeHUs HHIYKIIMH MaTHUTHOTO TI0JIS B CITydae
y4eTa MarHUTHOI'O I10JI HECKOJIIBKUX CMEXKHBIX IIPOJIETOB.

W3 nanHbIX rpaduka cieayeT, 4To y4et 0ojiee TpeX MpoJeToB (IByX CMEXHBIX) IPAKTUYECKH HEe
BIIMSIET HA TOYHOCTh PacueTOB. B kauecTBe ATaOHHBIX 3HAUEHU I BETMYUHBI HHIYKIIMY MAarHUTHOTO
noJIst By NPUHATHI TAKUE, KOTOPBIE OBLIH TTOJIYYEHBI IPH YYETE NECSITH CMEXHBIX PpojieToB. OTHOCH-

El

B —
—2——100 %, rae B — BEKTOp MAarHUTHOIA

am

TCJIbHYI0 IIOIPCIIHOCTD & P 3TOM paCCUUMTAEM KaK & =

WHIyKIWUH, BEIYUCICHHBIHN JIJIs 4HCiia MPOJIeTOB MeHbIe 21.

Ha puc. 5 n306pakeHa OTHOCHTENBHAS TOTPEITHOCTh MHTyKIINYU MarHUTHOTO TIOJISI OT PaccTos-
HUA 0 OCH CHMMETPUU.

3aBucuMocTh B(X) siBisieTcs nepruonnyeckod 4eTHOH (YHKIMEH C IMepHoJoM, PaBHBIM JUTHMHE
rabaputHoro npoieta [4]. [Tocne paznoxkenus B psag Oypbe U NpUMEHs s YUCICHHBIE METO/IbI BBIUNC-

JICHUS UHTETPaJIOB, BO3MOXKHO OIPEACINTD KOB(l)(l)I/II_[I/IeHTbI a.

a = nzX
B(X)==2+)a,cos——. (18)
2 = l

HOCKOJ‘ILKy napaMeTpbl MII u3mMeHsI0OTCA B 3aBUCUMOCTHA OT KOOpAMHATbI X 1 U3BECTHO CpeaHee
3HAYEHHE Ha BCEM IIPOTSHKEHUH II0J, IIPOJIETOM, PABHOE NOCTOAHHOMY 4jeHy B.,= a,/2, onpenenum
CPCAHIOIO BBICOTY IMOABECA ITPOBOAHHKA I‘[c,, AJIs1 TOPU30HTAJIBHO PACHOJIOKCHHOTO ITPOBOAHUKA, KO-

TOPBII CO3JAET B pacUETHOMN Touke Takoe sxe MII.

B. MKTn

, , ;
-0 -l 90 60 =30 [ 0 60 ) 120 150

Puc. 4. IlpononbHas 3mropa pacupereieHus BekTopa MarHuTHoOi unaykuuu MII BJI npu yuere: 1) matu
MPOJIETOB; 2) TPEX MPOJIETOB; 3) OJHOrO MpOoJIeTa

Fig. 4. The longitudinal diagram of the overhead power line magnetic induction vector distribution 1) five spans;
2) three spans; 3) one span
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Puc. 5. OTHOCUTENbHAS MOTPENIHOCTh BEKTOPAa MAarHUTHOW MHIYKIMH IIPH ydeTe: a) OGHOro mpojera; 6) 1 —
Tpex IPOJIEeTOB, 2 — ATH IPOJIETOB

Fig. 5. The magnetic induction vector relative error considering: a) one span; 6) 1 — three spans; 2 — five span

I/IH,I[yK]_II/Iﬂ MAaramTHOIO 1oJjist OT TOPU30HTAJIBHOI'O NPOBOJAHHUKA C YUETOM BJIMAHHWA 3EMJIM Ha

TOBCPXHOCTHU 3€MJIM U PACCTOSAHUU Z OT ero ocH Bq) =2

d 7
2z ZZ+HCZP'

CpeZ[HIOIO BBICOTY IIOoABECA ITPOBOAA OIIPCACIIUM, ITPUPABHAB NOCJICAHEC BBIPAKCHUC K ITIOCTOSAH-

1z
HO# cocTaBnstomeii ay/2. Iomyunm H , = HIWE 72 .
7B,
3aki04eHne

W3 anamm3sa Fpa(bI/IKOB, NPUBCACHHBIX HAa PUCYHKAX, MOXKHO CACJIAaTh CJICAYONINC BbIBOJAbI:

UHAYKOWUA MArHUTHOT'O ITOJIA MaKCUMaJIbHa HE B IIJIOCKOCTHU HAaXOXJCHUA ITPOBOAA, a HA HE-
3HAYUTEIILHOM PACCTOSHHH OT HEE;

Ha PACCTOSIHUM, NPUOIU3UTENIFHO PABHOM TPETH JUIMHBI Ta0apUTHOTO MPOJIETa OT MPOBO/IA,
unaykus MIT ymenbiiaercs: He 6oJiee 4eM B JBa pa3a OT MAKCHMAJILHOTO 3HAYCHUS;
MHHHUMAJIbHBIX 3HAYE€HUI MarHuTHas UHAYKOUA 10CTHUTACT B6J'[I/131/I IMOBEPXHOCTHU 3EMJIU;
IIPH yYEeTe OJJHOTO IMPOJIETa MUHUMAIIbHAS MOTPeITHOCTh cocTaBuia 0,29 % HemoCpeICTBEHHO
II0J] CTPEJIOii PpoBeca; MaKCUMaJIbHAs MOTPEIHOCTh qocturaet 50 % u HaOIromaeTcs BOIU3H
TOYEK TO/IBECa IIPOBOJA; C TOYHOCTHIO ~5 % BIIMSHUE TOIBKO OJHOTO IIPOJIETAa MOKHO YIHTHI-
BaTh Ha 75 % IJIMHBI IPONETa;

[IpH y4eTe BIUsHUS 00JIee IBYX CMEKHBIX TPOJIETOB MOTPELUTHOCTh CTAHOBUTCS IPEHEOPEIKU-
MO Maloi, ¢ = 0,2 %, u, ClenoBaTeNIbHO, TPU pacdeTax, CBA3aHHBIX C ONpeAeIeHUEeM HaBEICH-

HOI'0O HalIPSA?KECHU A, JOCTATOYHO YUUTBHIBATH TOJIBKO TPpH IIPOJICTA.
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